IT would appear that for many purposes of the radiologist the mercury break has been under a cloud, especially for rapid radiography. This is unfortunate, because I am convinced that the mercury break has many unique advantages and is quite capable of meeting most of our requirements in a satisfactory manner. The chief fault of the modern mercury break is the relatively poor output of X-rays from the coil and tube it operates, and since the introduction of present-day high-voltage current from the main, and modifications in design of the break itself, the proportion of inverse current in the secondary discharge has been objectionably high. I think I have tested most of the modern mercury breaks and these objections apply to all of them. This falling off in efficiency is a serious matter and one for which I consider the instrument makers are entirely to blame. It was with the introduction from abroad of a high-speed mercury break that this decline commenced; it has gone on more or less ever since, and at the present timne there is hardly a sign of an attempt to correct this downward tendency. If we go to an instrument maker's show-room with a view to purchasing such an outfit as I am considering we are shown one working that gives a tremendous discharge in air " practically as good as an electrolytic break." Needless to say, we are not told that a large portion of this discharge is reverse current, and for our purposes worse than useless.
If such an outfit is bought it will be found that as a producer of X-rays its pprformance is distinctly poor.
In his desire for an imnpressive show-room display the miiaker has robbed the mercury break of nearly every advantage it has, and in doing so has violated every principle underlying its action. If we are to get the best results from a mercury break there are certain fundamental principles that must be observed, and any efforts at development must be made with regard to these, and my contention is that recent developments have been made on entirely wrong lines. In the first place, we must not allow the current to flow into the coil too suddenly if the reverse current in the secondary is to be kept down, and this necessitates the use of a certain amount of resistance in series.
Secondly, we must arrange the duration of "make" so that there is ample time for proper magnetization of* the core (modern coils have large cores, and the larger the coil the longer time should be given). Thirdly, the "break" must be both sudden and complete. This last principle is about the only one met by the modern high-speed mercury break. Theygive a large number of interruptions per revolution of the motor and the latter is driven at high speed. The result is that some of them give a frequency of interruption amounting to over 200 per second. The duration of contact is necessarily very short and only a little resistance can be used. The current rushes into the coil very suddenly-increasing the current at "make " and it is cut off before the core is properly magnetized-decreasing the current at " break."
There is only one test that has the least interest to the radiologist regarding his X-ray outfit, and that is its output in terms of useful X-rays, and as far as my experience goes with coils and mercury breaks, the more impressive the discharge in air the less useful will it be for X-ray purposes. The useful X-ray output of coil depends primarily on the intensity of the individual impulses, and secondarily on their number or frequency in unit of time. With every coil there will be found a frequency which must not be exceeded if the intensity is not to fall off, and this frequency will be found to -be much lower than many think. Further, as we increase the intensity we must decrease -the frequency, but so long as we keep the frequency as high as the intensity permits the total X-ray output increases. With most coils we use there is a limit beyond which we cannot go in this direction, and to take advantage of the very low frequen'cies the apparatus has to be specially designed; the extreme instance of this is the " single flash" apparatus.
Owing to magnetic saturation every iron core has its limit of capacity, and this in turn limits the output of the coil it belongs to. To obtain a large output we must use large coils with' large cores, and these can be properly magnetized only by a sufficient numnber of ampere turns. There is a limit to the number of turns of wire that can be used, and to make up the necessary ampere turns we must use amperes. The modern high-speed mercury break can deal with only relatively small currents, and it is absurd to expect a large coil to give a good account of itself when linked up to an interrupter of about the size of a small American clock. When we use an electrolytic break we do not hesitate to passcurrents of 20, 40, or even 100 amperes on occasion; such currents are necessary to take full advantage of a large coil, and if a mercury break is to compete on even terms with the electrolytic break it must be designed to deal with these large currents. This is the only way we can get the high-intensity impulses that mean so much for X-ray purposes. Increase df frequency will never make up for loss of intensity, and this, in my opinion, is why the modern high-speed mercury break gives such indifferent results.
So far as my knowledge goes, such attempts as have been made to enable the mercury break to deal satisfactorily with large currents have not been successful, and this is the problem we have to face. While I am not yet prepared to state exactly the details of the successful mercury break for heavy currents, I feel sure we are within measurable distance of a solution of the difficulty. When this is achieved I venture to say the electrolytic break and the valve tube will pass into history, to the great benefit and relief of all of us.
I may relate briefly a few simple experiments that will explain imuch of what has been said. My mercury break gives a maximum of four interruptions per revolution, and by opening a switch this number is reduced to two. A well-seasoned, water-cooled tube-No. 9, Wehnelt -was connected to the coil and the break set going at about ten revolutions per second and two interruptions per revolution. The current was adjusted so that the tube was carrying 1 ma., and a pastille was changed in eleven minutes. The tube was allowed to cool and fresh water put in. Everything else as before, except that the number of interruptions was doubled by closing the switch on the break. The current through the tube was now 2 ma., and the pastille was changed in just under six minutes. As I was well within the limit of permissible frequency for this intensity, the X-ray output was directly proportionate to the number of interruptions in unit of time. The character of the impulses was not altered, but only their number. Again, arrangements were made as at first, except that the speed of the motor was doubled, so that the frequency was the same as in the second experiment, though the duration of contact at " make" was only half as long as before. The current through the tube was now only P3 ma., and it took just under ten minutes to change the pastille. Radiographic experiments with a test object gave practically similar results. This shows that the shorter period of contact due to the higher speed almost nullified the increase in frequency, and yet this period of contact was about three times as long as allowed in most modern mercury breaks. These simple experiments can be checked by anyone quite easily and I am sure a little investigation will prove the accuracy of these contentions. If you are using a high-speed mercury break, try the effect of running it as slowly as possible, using-extra resistance if necessary, and if it gives eight interruptions per revolution have them changed for half the number but double the length. I venture to say that in every case there will be a marked improvement in the X-ray output, which will show itself on screen, plate, and pastille. If your break is so constructed that it will not work at sufficiently low speeds, then I advise getting one made on the lines I have adopted. If properly designed the jet break is as good as any that have been brought out. The pump should be of large diameter, the speed low, and the contact blades long, with a maximum of four interruptions per revolution. The interruptions, especially.with large coils, should never exceed forty per second, and from twenty to thirty will usually be found best-when the flickering on the screen just ceases to be objectionable. It will be found that quite rapid work may be done and the quality of the work improved. All these ideas have for their object the decrease of the current at " make " and the increase of the current at " break "; these are the only objects to justify any alteration in design, yet recent developments have been in direct opposition.. Let us hope we are at the end of this temporary aberration. Now while the current at " make " is kept as low as possible by the adoption of these ideas, yet the fact remains that so long as we have to use currents of 200 volts and over it constitutes a real trouble and annoyance. Valve tubes are useful so long as they work well, which is seldom. They are all bad, though some less so than others, and they introduce one more variable factor into a problem that has too many already. I have devised a method of dealing with it that is quite satisfactory, and it is not my fault that it was not brought to notice three or four years ago. The principle can be applied to many forms of inercury break, and is not very different to the mica valve of Leslie Miller, but the idea is carried out in a much better way. It was not until after I had the first model working that I realized that the principle was essentially the same. My original idea was to apply the principle of the Snook machine to the induction coil, and turn the inverse current around and through the tube the correct way. But when I came to consider the relatively low voltage of the inverse current, and that it could not be productive of any useful X-rays, I decided to leave it out altogether. This simplifies the apparatus very much without loss of efficiency.
In the accompanying diagram the arrangement is shown in elevation at the centre. The break (B) is driven by the motor (M), and on the upper prolongation of the motor spindle is mounted a stout ebonite shaft which carries a metallic connector (C), the break and connector thus revolving together. At diametrically opposite points the connector (C) just clears two segments (S, S), interposed in one side of the sn C Is secondary circuit. The segments (S, S) being adjustable around the centre of the shaft it is easy to arrange for the connector (C) to be on a line between the segments at the moment of " break "-the only time the secondary circuit need.-be closed. On the left of the diagram is shown the relation of parts at the moment of " make." The jets are just making contact with the primary contacts (P, P), and at this moment the connector (C) is separated from the segments (S, S) by a wide gap at each end. As the connector (C7) approaches the segments (S, S) the current at " make " in the secondary dies out, and at the moment of " break " the secondary circuit is closed. This is shown at the right of the diagram, which also shows the connexions in the primary and secondary circuits.
As arranged the apparatus is very convenient, quite silent, except for slight crackling between the connector and segments, and perfectly efficient in suppressing the inverse current. It is not a rectifier, but rather a combined interrupter for primary and secondary circuits, working oppositely in each and in synchronism; that is to say, as the primary circuit is closed the secondary is wide open, and as the primary is broken the secondary is closed. The scheme introduces no complication likely to get out of order or require any adjustment beyond what is common to any other X-ray outfit. The conditions are constant at all times, there is nothing to burn, valve tubes are done away with, X-ray tubes are steadier and last longer, there is less heating, and results are improved all round. I do not think I fully realized the viciousness of inverse current, even in small amounts, until I camle to work regularly with this apparatus. Needless to say, it can be adapted to any coil, and not the least advantage of the scheme is that it leaves the designer of induction cOils free from what has been a serious restriction, and enables him to strive to attain the highest efficiency regardless of the amount of inverse current incidentally generated.
